We evaluate the influence of demographic, socioeconomic, and maternal variables on the nutritional status of adolescents aged 11 years. We conducted a prospective cohort study including 4,452 adolescents born in Pelotas, Southern Brazil, in 1993, accounting 
Introduction
Associations between diet, nutrition, and chronic diseases are well documented 1, 2, 3 . The 2002 World Health Organization (WHO) report on world health indicate that undernutrition, along with micronutrient deficits, is responsible for over half the indirect cost of disease in lowincome countries 4 . The global effort towards eradication of underweight has been successful in most countries. However, the health policies and nutritional interventions involved in this effort may be contributing to a rapid increase in overweight among all age groups 5, 6 .
Improving the targeting of nutritional interventions will require greater understanding of the dynamics of the coexistence of undernutrition and obesity. Prevalence of undernutrition is falling in much of the world, whereas overweight prevalence has been increasing rapidly in recent decades in several countries, including Brazil 7, 8, 9 . Our current and future challenge in terms of nutrition policy is to eradicate underweight associated with insufficient calorie intake and prevent micronutrient deficit without leading to a concomitant increase in prevalence of overweight and obesity 6, 7 .
Previous studies provide evidence of an association between diet, physical activity, ethnicity, birthweight, nutritional status of parents, maternal schooling, and the family's socioeconomic level, among others, and occurrence of undernu-trition and overweight among preschoolers 7, 10 . Studies of adolescent subjects focus primarily on overweight, and come mostly from developed countries 3 .
The aim of the present study was to investigate the association between demographic, socioeconomic, and maternal factors and undernutrition or overweight in a cohort of 11-year old adolescents from Southern Brazil.
Methods
The subjects of the present study (N = 4,452) are part of a prospective cohort that included all hospital births taken place in 1993 in the city of Pelotas, state of Rio Grande do Sul, in Southern Brazil. While still in the hospital, a questionnaire was administered to mothers, and newborns were weighed and measured. Subsamples of these children were visited at 1, 3, and 6 months, and 1, 4, 6, and 9 years of age. In 2004-2005, we attempted to locate all members of this cohort for a further follow-up, the details of which are described elsewhere 11 . Here, we present the results of this latest visit, when adolescents were 11 years old on average.
We studied as an outcome the adolescent's nutritional status, with subjects being classified into four groups: thin, normal, overweight, and obese 12 . We regarded as thin adolescents whose body mass index (BMI) was below percentile 5 (P5) for the subject's sex and age. Adolescents with BMI ≥ P85 and subscapular and tricipital skinfold measurements ≥ P90 specific for their sex and age were classified as obese. Those with BMI ≥ P85 and at least one skinfold below P90 were classified into the risk category for overweight (from now on referred to simply as "overweight").
Skinfolds were measured using a Cescorf scientific caliper (Porto Alegre, Brazil), following the recommendations of Lohman 13 . BMI was calculated using weight and height measures obtained by the study team using a SECA digital scale (Birmingham, UK) with 100g precision and a portable aluminum stadiometer with 1mm precision.
Interviewers underwent standardization testing prior to beginning fieldwork to determine the repeatability and validity of measurements. Acceptable technical measurement errors (TME) were defined according to the recommendations of Cameron 14 . Thus, acceptable intra-observer TMEs were 1.17kg, 0.49cm, 0.80mm, and 1.83mm for measures of weight, height, and tricipital and subscapular skinfolds, respectively. Interobserver TMEs considered as acceptable were 1.23kg, 0.68cm, 1.89mm, and 1.53mm for these same measures. Throughout the duration of data collection, which lasted for eight months, interviewers were re-standardized every two months for anthropometric measurement and evaluated with respect to questionnaire administration.
Independent variables studied included demographic (self-ascribed skin color: white, black/mixed/others), socioeconomic (assets index in quintiles and mother's schooling in years (0-4, 5-8, 9-11, and ≥ 12) and maternal (BMI in kg/m 2 : < 18.5; 18.5-24.9; 25.0-29.9; ≥ 30) factors, all of which were obtained during the 11-year follow-up. The assets index was constructed using principal component analysis, based on a list of 18 socioeconomic indicators. These variables were hierarchized according to an analysis model for confounder control. Demographic and socioeconomic factors were placed in the first level, whereas maternal BMI was placed more proximal to the outcome. Each variable was adjusted for variables in the same or higher levels.
Results are presented separately for boys and girls. We describe the distribution of the outcome according to categories of each studied variable. Since the outcome measure has four categories, we used multinomial logistic regression 15 for both crude and adjusted analyses. This statistical approach calculates the probability of a subject falling into a given risk category (thin, overweight, or obese) in comparison to the reference group (normal). We used the Wald test for heterogeneity and the linear trend test for dichotomous or nominal variables and ordinal categorical variables, respectively. Statistical significance was set at 5%, and analyses were carried out using Stata 9.2 software (Stata Corp., Colege Station, USA).
The study protocol was submitted to and approved by the Research Ethics Committee of the Federal University in Pelotas.
Results
The distribution of adolescents according to nutritional status showed that 69% of subjects were normal, 7% were underweight, and 23% had excess weight (overweight or obesity). Prevalence of overweight was slightly higher among girls (13%, vs. 12.1% among boys; p = 0.002), whereas boys had an almost twofold higher prevalence of obesity (15.1% vs. 8.4% among girls; p < 0.001). Differences between sexes were not statistically significant in the thin and normal categories. The distribution of nutritional status according to independent variables is shown in Tables 1 (boys) and 2 (girls). Boys (Table 3 ) of black or mixed skin color were less likely to be overweight than those with white skin, even after adjustment for socioeconomic factors (p = 0.046). Skin color was associated with a non-significant increase (p = 0.08 after adjustment) in thinness. The assets index was positively associated only with overweight and obesity (p < 0.001), whereas maternal schooling was negatively associated with the probability of being thin (p = 0.049). Maternal BMI was associated negatively with thinness (p < 0.001), and positively with overweight and obesity (p = 0.001).
Among girls, skin color and maternal schooling showed no association with nutritional status (Table 4 ). The assets index was positively associated only with obesity (p = 0.042). As for boys, maternal BMI was negatively associated with thinness also among girls (p < 0.001). Associations among girls were stronger than among boys.
Discussion
Our present results confirm recent findings on the nutritional status of children, adolescents, and adults from most middle-income countries and some low-income countries, namely that prevalence of excess weight exceeds that of thinness. Our data also indicate the extent to which demographic, socioeconomic, and maternal status can influence the occurrence of thinness, overweight, and obesity already in early adolescence. Moreover, we also show that such effects differ between boys and girls.
An important aspect of the present study its reliance on not only weight and height, but also on tricipital and subscapular skinfold measurements to classify the nutritional status of youths. The combination of BMI and high skinfold values increases the likelihood of correctly identifying adolescents that have not only high BMI, but also excess body fat 12 . A limitation of this study, on the other hand, is the absence of an objective measure of pubertal status, since our interviews were carried out at the subject's home rather than in clinical settings. However, the fraction of adolescents that have entered puberty at age 11 is relatively low 16 . In the studied cohort, about 17% of girls were postmenarcheal at the time of the 11-years follow-up.
The finding that, among boys, prevalence of obesity (15%) was higher than that of overweight (10%) is worthy of note. Among girls, In recent years, only a few studies have measured the prevalence of, and investigated risk factors for, underweight among adolescents, possibly because this is an infrequent phenomenon in high-income countries, where most studies are conducted. Linear deficit, however, is still extremely common among children from poor countries 17 , and persists, albeit at lower frequency, in middle-income countries 7 . In the present study, as recommended, we used P5 to classify subjects as thin. Prevalence of thinness was slightly higher than the 5% that would be expected when using P5 as a cutoff: 6.4% among boys and 7.7% among girls. This result is compatible with the good level of food security enjoyed by Brazil's Southern Region, but should not be extrapolated to the country as a whole 18 .
Both thinness and excess weight are matters of concern. This is especially true during adolescence, when roughly 15% of adult height and 50% of adult weight is gained 19 . Adolescence is thus a phase of intense growth, which demands an intake of nutrients that is sufficient to satisfy the body's nutritional needs without causing excessive weight gain.
Thinness, overweight, and obesity were distributed differently among boys and girls. Whereas prevalence of overweight at age 11 years was higher in girls, obesity at this age was more frequent among boys. Kelishadi 8 , in a review study, shows that there is a constant pattern in the distribution of overweight and obesity among boys and girls living in middle and low-income countries. Only one of the thirty studies reviewed by Kelishadi 8 -carried out in Kuwait -showed a trend similar to that reported in the present study, that is, girls showed greater prevalence of overweight, and boys of obesity. Results similar to ours were also reported for North-American children aged 6-11 years in the 2003-2004 National Health and Nutrition Examination Survey (NHANES) 20 , where prevalence of overweight was higher among girls than among boys (38% vs. 36.5%, respectively). This trend was inverted with respect to obesity, the prevalence of which was higher among boys than among girls (19.9% and 17.6% respectivley). In the 2002-2003 Brazilian Household Budget survey (POF) 21 , prevalence of obesity among Southern Brazilian boys (3.1%) was slightly higher than among girls from the same region (2.9%), whereas girls were more frequently overweight (15.6% vs. 13.6% for boys). Higher prevalence of overweight among girls, and of obesity among boys, may reflect a new trend in excess weight patterns among young adolescents. There are virtually no recent studies evaluating the association between thinness and sex, skin color, race, mother's schooling, or family socioeconomic status among adolescents from middle and low-income countries 22 . In the present analysis, thinness was found to be significantly associated with only two variables: its prevalence was lower among boys born to mothers with greater schooling, and higher among mothers with low BMI. Boys with black or mixed skin showed higher prevalence of thinness than those with white skin, but this difference lost statistical significance after adjustment for socioeconomic variables.
Several studies have reported associations between excess weight and skin color or ethnicity. A review by Kumanyika 10 showed that fast-food consumption was higher among black NorthAmerican girls than among their white counterparts. Data from the 2003-2004 NHANES 20 show that Mexican-American and non-Hispanic black children were at higher risk of obesity than white non-Hispanics. In the Pelotas cohort, white boys showed higher risk of overweight, but not of obesity, when compared to those with black/mixed skin. No such association was detected among girls. It is possible that, as the process of nutritional transition continues, the Brazilian pattern will become more similar to that of the United States.
Income, parental schooling, and other indicators of socioeconomic status have been widely studied with respect to their effects on prevalence of overweight and obesity. In rich countries, trends among adolescents are not clear, and tend to vary according to sex. A study carried Table 4 Crude and adjustment associations with nutritional status among girls, according to independent variables *. out in Spain 23 with adolescent subjects aged 13 years showed that coming from a family of higher socioeconomic status was the major predictor of obesity. In the United States, an inverse association was found only among white female adolescents; among black adolescents of both sexes, this association was a direct one 24 . We detected a strong dose-response effect of the assets index on prevalence of overweight and obesity among boys. Among girls, overweight was more frequent only among the richest (5 th ) quintile, whereas the odds ratio (OR) for obesity increased through to the 4 th quintile but then fell in the 5 th . In other words, while excess weight shows a direct linear relationship with socioeconomic status among boys, among girls this association shows an inverted "J-shape." Similar trends have been reported in countries undergoing nutritional transition, in which higher prevalence of obesity is shifting towards adult women of lower socioeconomic status 25 . Maternal schooling is expected to have a strong influence on nutritional status among children and adolescents, since the mother is usually responsible for determining a child's diet. Maternal BMI was the only variable to show a strong association -inverse in the case of thinness and direct in the case of overweight and obesity -with the outcomes among adolescents of both sexes, even after adjustment for skin color, schooling, and assets. Such associations may be explained by the joint influence of genetic and environmental factors. The dietary patterns and lifestyle of parents can influence their children's preferences and behavior. Other studies have also reported similar associations, reporting effects for paternal and maternal obesity simultaneously 26, 27, 28, 29 ; maternal obesity only 26, 27, 29 ; or paternal obesity only 26, 29, 30 . A study by Cutting et al. 27 showed that heavier mothers have heavier daughters; failure to restrict the consumption of certain unhealthy foods in their own diet was associated with the child's weight, and daughters of mothers who were more liberal with respect to diet had greater access to any type of food. In the present study, obese mothers were five times more likely to have obese daughters; among boys, excess risk was threefold. We were unable to obtain anthropometric measurements of fathers in the present study, and were thus unable to measure the effect of paternal BMI on adolescent nutritional status. A study by Bralic et al. 26 with Croatian adolescents aged 11 years reported an association in the same direction. The finding that the nutritional status of the mother has a greater effect on that of her daughters than of her sons may indicate the presence of a strong behavioral component, which should be considered when planning future interventions. The recent identification of genes related specifically to excess weight 31 also confirms the existence of important genetic factors.
It is important to highlight the fact that we were unable to find studies that used the same criteria for nutritional evaluation used for the 1993 Pelotas birth cohort. For this reason, any comparisons of prevalences between this and other studies should be viewed with caution. On the other hand, comparisons with other studies did allow us to evaluate trends in the relationship between nutritional status and sex, socioeconomic level, and maternal schooling.
In summary, although prevalence of overweight and obesity was high, prevalence of thinness was still not negligible. Interventions should be implemented urgently in order to halt the increase in excess weight among children and adolescents. School is an ideal place for such initiatives, but acting at the family level will also be required, as shown by the important role played by maternal BMI. To this end, it will be essential that local and regional governments establish wide-ranging nutrition policies, capable of generating effective and immediate action aimed at deterring the obesity epidemic.
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